Introduction
T he purpose of this study was to prospectively validate the Ottawa Ankle Rules (OAR) in patients with acute ankle trauma presenting to a deployed military clinic. Acute ankle injuries are common causes for patient presentation to emergency departments and acute care clinics. Ankle injuries are also treated frequently in clinics that provide medical care for deployed military populations. These injuries are often evaluated with radiography; however, less than 15% of radiographs demonstrate a significant fracture. 1, 2 The OAR is a set of clinical decision rules designed to help health care providers determine those patients who require radiography. 3 The OAR have been described in detail previously. Briefly, the OAR state that a radiograph is indicated if there is pain in the proximal area of the foot and tenderness over the navicular or base of the fifth metatarsal (foot X-ray series), pain in the ankle, and tenderness at the tip or along the posterior distal 6 cm of either malleolus (ankle X-ray series), or if the patient is unable to bear weight (four steps) immediately and during the examination. 4 The OAR have been studied internationally in various practice settings. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Validation studies have demonstrated sensitivities for the detection of fractures to be 89 to 100%; 4, 5, [7] [8] [9] [11] [12] [13] [14] [16] [17] [18] [19] [20] [21] [22] [23] however, several studies have concluded that the OAR are not sufficiently sensitive to be useful in the population studied. 7, 14, 16 Multiple studies have shown that implementation of these clinical criteria safely reduce the amount of radiographs performed and may provide a significant savings of financial resources. 4 -6,8,10 -13,17,22 Deployed military populations may be in locations where resources for radiographic imaging are limited. Deployed clinics may have minimal radiology technician support and equipment resupply may be difficult. In some cases, medical providers in remote locations do not have radiographic imaging capabilities at all, and patients must be transported to a facility with the ability to perform radiographs. Therefore, efficient use of resources becomes a necessity.
Materials and Methods
This study was conducted at Prince Sultan Air Base in the Kingdom of Saudi Arabia. The study was approved by the Institutional Review Board at the author's home institution. Prince Sultan Air Base is a coalition base that, at the time of the study, housed more than 4,500 troops from the U.S. Air Force, Army, and Marines, as well as the British Royal Air Force and French Air Force. The clinic staff consisted of physicians from the following specialties (total number): Emergency Medicine (1), Family Practice (2), Flight Surgery (6), General Surgery (1), Internal Medicine (1), and Orthopedic Surgery (1). Before the start of the study, all physicians completed a survey regarding their knowledge and use of the OAR. After completing the survey, all physicians were given a briefing that ensured familiarization with the OAR.
Patients presenting to the acute care clinics with acute ankle injuries were prospectively enrolled for a 3-month period during 2001. At the time of examination, the treating physician determined whether the patient met OAR criteria. Physicians recorded their findings on a data collection sheet that included a pictorial diagram and written explanation of the OAR. The decision to obtain radiographs was left to the discretion of the treating physician. All radiographs were read by a radiologist blinded to the entire study, including the OAR determination. Patients who did not receive radiographs received follow-up in the orthopedic clinic or by telephone. Follow-up was initiated within 1 week of the initial presentation and continued at weekly intervals until the patient was free of symptoms. The gold standard for ruling out a fracture was a negative radiograph or complete resolution of symptoms as reported during follow-up. To maintain agreement with previous studies, a clinically insignificant fracture was defined as an avulsion fracture less than 3 mm. The data collected were used to calculate the sensitivity, specificity, likelihood ratios, and predictive values of the OAR. 
Results
A survey of the clinic physicians revealed that 9 (75%) of 12 were familiar with the OAR before the start of the study. Three (25%) physicians reported using the rules on a regular basis as part of their usual practice, three (25%) physicians used them sometimes, and six (50%) stated they never used the OAR.
A total of 45 patients presented for evaluation of acute ankle injuries during the study period. All 45 patients were included. No patients had loss of skin integrity or a medical illness that would alter sensation. Thirty-seven (82%) of the patients were men, and the average age was 27 years (range, . Twentynine (64%) patients met the OAR criteria, 32 (71%) patients received radiographs, and 5 (11%) fractures were identified. All five fractures were predicted by the OAR. The following five fractures were identified: distal fibula (Weber B), distal fibula avulsion, lateral process talus avulsion, medial malleolus avulsion, and navicular avulsion. Only one fracture (distal fibula Weber B) was considered to be clinically significant.
Of the patients who did not receive radiographs, all recovered without incident and none were found to have a missed fracture during follow-up evaluation. No fractures were found in patients who did not meet OAR criteria.
The sensitivity of the OAR was 1.0 (95% confidence interval [CI], 0.46-1.0) and specificity was 0.40 (95% CI, 0.25-0.56). Negative predictive value was 1.0 (95% CI, 0.76-1.0), positive predictive value was 0.17 (95% CI, 0.06-0.36), likelihood ratio positive was 1.67 (95% CI, 1.29-2.14), and likelihood ratio negative value was 0 (95% CI, not applicable). Implementation of the OAR for these study patients would have resulted in three (6.7%) fewer radiographs.
Discussion
The OAR have been widely studied, validated, and implemented since their development in 1993. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Several studies have confirmed that correct implementation of the OAR can detect almost all clinically significant fractures while realizing a meaningful reduction in the use of radiographic resources. [4] [5] [6] 8, [10] [11] [12] [13] 17, 22 Most validation studies of the OAR have been conducted in university or community teaching hospitals. Several studies have focused on military populations, but no previous studies have prospectively validated the OAR in the setting of a deployed military clinic with deployed troops. 15, 17 This study's finding of 100% sensitivity for the OAR is consistent with findings of previous studies. 8, [11] [12] [13] 17, [20] [21] [22] Although this was not an implementation study, implementation of the OAR in this study's population would have decreased the amount of radiographs obtained by 6.7%, less than the 15 to 46% reduction reported in other studies. [3] [4] [5] [6] 8, 10, 11, 13, 16, 17, 22 This study confirms that the OAR can be applied by deployed military physicians of various specialties, several of whom were unfamiliar with the OAR and 50% of whom never used the OAR in their usual practice. Previous studies have been criticized for incorrect application of the OAR and were faulted for not giving physicians a diagram of the OAR for reference. 24 In this study, a brief didactic session and a pictorial diagram of the OAR on the data collection sheet was an effective and efficient means of education. The small number of physicians participating in this study made education easy and direct and may have contributed to the excellent performance of the OAR.
Limitations of this study include the small sample size and the small number of clinically significant fractures. In addition, this study was limited to a consistent group of physicians. Deployed military physicians have variable practice backgrounds and they rotate in and out of combat locations frequently. It is possible that a study performed over a longer time period would encounter difficulties with education and consistent application of the OAR and would therefore yield different results. Also, most of the injuries in this study occurred during sports activities. It is possible that the type of injuries and variability in presentation would be different in a military population deployed to a more austere, rugged location with injuries resulting from activities related to combat. This study did not account for patient or physician attitude or satisfaction. Deployed military members often are under pressure to return to their usual duties and physicians may feel a need to document a negative radiograph in these patients.
The results of this study support future studies implementing the OAR in remote deployed locations where radiographic imaging is not available. In these locations, the need to obtain radiographs requires medical evacuation of the patient to a larger, distant facility; therefore, it is probable that implementation of the OAR would result in significant resource savings.
In conclusion, the OAR correctly predicted all ankle fractures in the military population studied. Correct implementation of the OAR has the potential to decrease use of radiographic resources by deployed military forces.
